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Six inequivalent Cu2+ EPR spectra were observed at 4.2 K in single crystals of FeSiF 6 • 6H20. 
The estimated parametersgz ---2.38 and 8=40°, where 8 is the angle between the ionicz axis and 
the c axis, differ from those measured in crystals of similar structure. qhes~ differences have been 
explained in terms of an isotropic Cu2 + -Fe2+ exchange Hamiltonian JS1 • S2, with 
J = + (0.030 ± 0.003) em - 1' which gives a contribution gex = - 5.05 J sin2 e, where e is the 
angle between the external magnetic field and the z axis. Perpendicular to the c axis, an 
independent estimate of + 0.034 em -I for J was made from the low-field displacement of a 
satellite spectrum. 
I. INTRODUCTION 
At low temperatures, ferrous fluosilicate hexahydrate 
FeSiF6 • 6H20 belongs to the monoclinic space group 
C ~h (P 21/ c). 1 Electron paramagnetic resonance (EPR) mea-
surements on copper-doped materials of this class have been 
reported in the diamagnetic crystals ZnGeF 6 • 6H20, 2•3 
ZnTiF6 • 6H20,4 and MgSiF6 • 6H20.5 These materials give 
six inequivalent Cu2 + spectra at 4.2 K, each with g
11 
= 2.47 
and g1 = 2.10. Consistent with a "static" Jahn-Teller effect 
in a basically cubic crystal,6 the six z axes were found to lie 
along the tetragonal axes of two cubes, separated by a rota-
tion of roughly 40° about the crystallographic c axis, which 
forms a common [Ill] axis for each cube. 
The same symmetry was observed in the EPR spectrum 
of Cu2 + in FeSiF6 • 6H20, except for the fact that z axes of 
the Cu2 + spectra made angles of only 40o with the c axis, 
rather than the angle of 55° observed in the diamagnetic crys-
tals. 7 In addition, a lower maximum g value of 2.38 was 
observed. This was close to the maximum g value 2.40 de-
duced by Sthanapati eta/. 8 from powder EPR measurements 
at 20 K. The crystallographic data for the above materials 
were essentially similar,9 and gave no reason for the large 
differences in the EPR data for FeSiF6 • 6H20. The purpose 
of this paper is to present the EPR results obtained at 4.2 K 
for Cu2 + in FeSiF6 • 6H20 and to show that the differences 
mentioned above are a consequence of the superexchange 
interaction between the Cu2+ ions and their nearest-neigh-
bor host Fe2 + ions. 
EPR measurements in systems of this type, which con-
sist of a paramagnetic impurity substituted into a non-
Kramers' paramagnetic host with a singlet ground state and 
a large zero-field splitting, have been the subject of recent 
studies of Moriya and Obata, 10 Gill 11 , and St. John and 
Myers. 12 
The nature of the low temperature impurity ion spectra 
observed in such systems depends on the spin-spin relaxa-
tion rate of the nearest neighbor host ions. In the case of fast 
relaxation, the displacement of the impurity spectrum due to 
exchange depends on an averaged magnetic moment over 
the thermally populated states of the host ion. This is the 
situation considered by St. John and Myers. 12 On the other 
hand, if the spin-spin relaxation rates are sufficiently slow, 
several sets of displaced spectra may be observed. These con-
sist of-a primary spectrum corresponding to all the nearest 
neighbor host ions being in their ground states, and satellite 
spectra due to one or more neighbors being in excited states. 
Satellite spectra of this type have been studied by Gill11 for 
Cu2 + in Fe(NH4 b(S04b · 6H20. 
The latter situation should occur for Cu2 + in Fe-
SiF 6 • 6H20, since the large lattice strains associated with 
the static Jahn-Teller effect in Cu2 + should make the near-
est-neighbor Fe2+ ions nonresonant with the bulk of Fe2 + 
ions further removed from Cu2 + impurities. 11 In this case, 
the exchange parameter J may be estimated both from the 
difference outlined above between the primary spectrum and 
the spectra observed in isomorphous diamagnetic crystals 
and also from the displacements of the satellite spectra rela-
tive to the primary spectrum. Both methods require that the 
spin-Hamiltonian parameters for the nearest-neighbor host 
ions be known, and are limited by our ignorance of the effect 
of the local lattice distortion near an impurity site on the 
spin-Hamiltonian parameters of the host ion. 
The present experimental study was confined to the low 
field end of the Cu 2 + spectrum by the presence of a relatively 
intense accidental Mn2 + impurity spectrum. Even so, suffi-
cient information was obtained to provide a reasonable test 
of the theory and to obtain a value for J, which was con-
firmed by measuring the displacement of a satellite spec-
trum. The experimental results are given in Sec. II, and the 
theory for estimating J from the known energy-level scheme 
for FeSiF6 • 6H20 is given in Sec. III. This theory is applied 
to the experimental data in Sec. IV. The results are discussed 
in Sec. V. 
II. EXPERIMENTAL RESULTS 
The measurements were carried out at 4.2 K on single 
crystal satnples of FeSiF6 • 6H20 doped with Cu2 + using 
standard EPR spectrometers, operating at 24 and 35 GHz. 
A typical sample of the material was found on analysis to 
contain 0.2 at. % Cu2 + . 13 As in the case ofZnTiF6 • 6H20,4 
the measurements were made in three mutually perpendicu-
lar crystal planes labeled as follows: Plane 1, which is paral-
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p l a n e  3  w e r e  s e p a r a t e d  b y  t h e  l a r g e r  a n g l e  J 1 { J , . . . . , 3 8 ° .  T h i s  
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f i e l d  s i d e  o f  t h e  l a t t e r .  M e a s u r e m e n t s  a t  d i f f e r e n t  e x t r e m a  
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n o t  e n t e r  t h e  e x p r e s s i o n  f o r  ( g . x  ) p  g i v e n  i n  E q .  ( 8 ) ,  n o r  t h a t  
g i v e n  a b o v e  f o r  . d g e x  w h e n  8  =  9 0 ° .  T h e  d i s p l a c e m e n t s  i n  
t h e s e  c a s e s  s h o u l d  t h e r e f o r e  b e  i n s e n s i t i v e  t o  t h e  l o w  s y m m e -
t r y  c o m p o n e n t s  o f  t h e  l o c a l  d i s t o r t i o n  p r o d u c e d  b y  t h e  i m -
p u r i t y  i o n .  
I V .  D E T E R M I N A T I O N  O F  J  
F o l l o w i n g  t h e  a p p r o a c h  u s e d  b y  S t .  J o h n  a n d  M y e r s ,  
1 3  
t h e  o b s e r v e d  g  v a l u e  m a y  b e  w r i t t e n  a s  
K o b s  =  K d i a  +  K e x  •  
( 1 2 )  
w h e r e  g d i a  i s  t h a t  v a l u e  w h i c h  w o u l d  b e  o b s e r v e d  i n  a  d i a -
m a g n e t i c  c r y s t a l  o f  t h e  s a m e  s t r u c t u r e  a n d g . x  i s  g i v e n  b y  E q .  
( 8 )  f o r  t h e  p r i m a r y  s p e c t r u m .  I n s e r t i n g  t h e  v a l u e s  z  =  6 ,  
g  =  2 . 0 ,  a n d  D  =  1 1 . 8 8  e m  - t  f r o m  S e c .  I I I  A  g i v e s  
K e x  =  - 5 . 0 5 J  s i n
2  
8 ,  
( 1 3 )  
g d i a  i s  a s s u m e d  t o  b e  t h e  s a m e  a s  i n  Z n G e F  
6  
•  6 H
2
0 ,  
Z n T i F
6  
•  6 H
2
0 ,  a n d  M g S i F
6  
•  6 H
2
0 ,  w h e r e  t h e  4 . 2  K  s p e c -
t r a  o f  w h i c h  a r e  d e s c r i b e d  b y  t h e  p a r a m e t e r s  
g
1 1  
= 2 . 4 7 ,  g
1  
= 2 . 1 0 ,  a = 5 5 ° ,  ( 1 4 )  
w h e r e  g
1 1  
a n d  g
1  
a r e  t h e  p r i n c i p a l  v a l u e s  o f  t h e  t e n s o r  g d i a  
a n d  a  i s  t h e  a n g l e  b e t w e e n  t h e  z  a x i s  o f  e a c h  C u
2  
+  s p e c t r u m  




F o r  a n  a r b i t r a r y  a n g l e  6  b e t w e e n  t h e  e x t e r n a l  m a g n e t i c  
f i e l d  a n d  t h e  z  a x i s  f o r  a  p a r t i c u l a r  C u
2
+  s p e c t r u m ,  g d i a  i s  
g i v e n  b y  
~ia =  K T I  c o s
2  
6  +  g i  s i n
2  
6 ,  
( 1 5 )  
w h e r e g
1 1  
a n d g
1  
h a v e  t h e  v a l u e s  g i v e n  i n  E q .  (  1 4 ) .  T h e  a n g l e  6  
c a n n o t  b e  m e a s u r e d  d i r e c t l y ,  b u t  m a y  b e  d e d u c e d  f r o m  t h e  
m e a s u r e d  r o t a t i o n  8  f r o m  t h e  c  a x i s  a n d  t h e  p r o j e c t i o n  P  o f  
t h e  a n g l e  6  o n t o  p l a n e  3 .  A s  i n d i c a t e d  i n  F i g .  1 ,  P  h a s  t h e  
v a l u e s  1 9 °  a n d  4 1  o  f o r  t h e  m e a s u r e d  s p e c t r a  i n  p l a n e  1 ,  a n d  
t h e  v a l u e s  1 1  o  a n d  4 9 °  i n  p l a n e  2 .  F o r  t h e  l o w  f i e l d  e x t r e m u m  
i n  p l a n e  3  ( f o r  w h i c h  8  =  9 0 • ) ,  P  =  0 ° .  T h e  a n g l e  6  i s  r e l a t e d  
t o  a ,  p ,  a n d  8  a s  f o l l o w s :  
c o s  6  =  c o s  a  c o s  8  +  s i n  a  s i n  8  c o s  p .  
( 1 6 )  
T h e s e  a n g l e s  a r e  s h o w n  s c h e m a t i c a l l y  i n  F i g .  3 .  
c  
H  
F I G .  3 .  T h e  a n g l e s  a ,  P .  0 ,  a n d  { j  u s e d  i n  t h e  t e x t  a r e  i l l u s t r a t e d  f o r  a  t y p i c a l  
C u
2
+  s p e c t r u m .  T h e  z  a x i s  o f  t h e  C u
2
+  s p e c t r u m ,  t h e  d i r e c t i o n  o f  t h e  m a g -
n e t i c  f i e l d  a t  a  g - v a l u e  m a x i m u m ,  a n d  t h e i r  p r o j e c t i o n s  o n t o  p l a n e  3  a r e  
s h o w n ,  t o g e t h e r  w i t h  t h e  c  a x i s  o f  t h e  c r y s t a l .  
J  C h a m .  P h y s . ,  V o l  8 3 ,  N o . 9 ,  1  N o v e m b e r  1 9 8 5  
R .  S .  R u b i n s  a n d  D .  K .  D e :  c u > + - F e ' +  e x c h a n g e  i n  F e S i F
6
•  6 H , O  
4 4 0 3  
T A B L E  I .  T h e  c a l c u l a t i o n  o f  J  f r o m  m e a s u r e m e n t s  o f  g - v a l u e  e x t r e m a .  
S p e c t r u m  / ! ' "  ( ! '  8 "  g d ; a  b  
P l a n e  I  
:  g ,  
1 9  3 9  2 1 .  2 . 4 2 5  
: : - g 2  
4 1  
3 0  3 6  2 . 3 4 8  
P l a n e 2  
g ,  I I  4 0  1 7  2 . 4 4 0  
g .  
4 9  2 2  4 3  2 . 3 0 5  
P l a n e  3  
g s  
0  9 0  3 5  2 . 3 5 5  
g - c  
g . ,  
2 . 3 6 0  - 0 . 0 6 5  
2 . 3 0 8  - 0 . 0 4 0  
2 . 3 8 0  - 0 . 0 6 0  
2 . 2 8 9  - 0 . 0 1 6  
2 . 1 7 5  - 0 . 0 1 8  
J  
( c m -
1
)  
0 . 0 3 2  ±  0 . 0 0 5  
0 . 0 3 2  ±  0 . 0 0 8  
0 . 0 2 9  ±  0 . 0 0 4  
: : : : 0 . 0 2  
: : : : 0 . 0 4  
• E r r o r s  o f  ± I '  w e r e  e s t i m a t e d  f o r  f J  a n d  ( )  i n  p l a n e s  I  a n d  2 .  W i t h  
a =  ( 5 5 ±  I ) "  i n  E q .  ( 1 6 ) ,  t h e  e r r o r s  i n  8  w e r e  f o u n d  t o  b e  l e s s  t h a n  ±  0 . 5 " .  
I n  p l a n e  3 ,  w h e r e  8  =  9 0 '  - a ,  t h e  e r r o r  i n  8  w a s  ±  1 ' .  
b T h e  c a l c u l a t i o n  o f  g d ; a  w a s  m a d e  f r o m  E q .  ( 1 6 ) ,  a s s u m i n g  t h a t  
g
1 1  
=  2 . 4 7 0  ±  0 . 0 0 5  a n d g
1  
=  2 . 1 0 0  ±  0 . 0 0 5 .  T h e  e r r o r s  i n g d ; a  w e r e  f o u n d  
t o  b e  ±  0 . 0 0 6  f o r  p l a n e s  I  a n d  2  a n d  ±  0 . 0 1 2  f o r  p l a n e  3 .  
c  T h e  e r r o r s  i n  g o b s  a r e  g i v e n  i n  S e c .  I l l .  
E s t i m a t e s  o f  J ,  t o g e t h e r  w i t h  t h e  v a l u e s  o f  [ 3 ,  0 ,  8 ,  g d i a ,  
g o b s ,  a n d  g e x ,  a r e  g i v e n  i n  T a b l e  I  f o r  t h e  l o w  f i e l d  e x t r e m a  o f  
t h e  v a r i o u s  C u 2 +  s p e c t r a  i n  t h e  t h r e e  p l a n e s  o f  m e a s u r e -
m e n t .  T h e  E P R  d a t a  f o r  t h e  p r i m a r y  s p e c t r u m ,  i s  s a t i s f a c t o -
r i l y  e x p l a i n e d  b y  t h e  v a l u e  
J  =  +  ( 0 . 0 3 0  ±  0 . 0 0 3 ) c m -
1
,  ( 1 7 )  
w h e r e  t h e  p o s i t i v e  s i g n  i n d i c a t e s  a n t i f e r r o m a g n e t i c  c o u -
p l i n g .  
T h e  a n g u l a r  d e p e n d e n c i e s  o f  g d i a ,  g e x ,  a n d  t h e i r  s u m  g ,
0 1  
a r e  s h o w n  i n  F i g .  4  f o r  r o t a t i o n  i n  a  p l a n e  c o n t a i n i n g  t h e  
c r y s t a l  c  a x i s  a n d  t h e  z  a x i s  f o r  o n e  C u 2 +  s p e c t r u m .  T h e  
l o w e r i n g  o f  t h e  o b s e r v e d  g  v a l u e  a n d  t h e  s h i f t i n g  o f  t h e  e x -
t r e m a  b y  a b o u t  1 5 °  m a y  b e  c l e a r l y  s e e n .  W h i l e  t h i s  p l a n e  o f  
r o t a t i o n  i s  o n e  f o r  w h i c h  [ 3  =  0 ° ,  t h e  b e h a v i o r  o f  t h e  l o w e s t  
f i e l d  s p e c t r a  i n  p l a n e s  1  a n d  2 ,  w h e r e  [ 3  =  1 9 °  a n d  1 1 0 ,  r e s p e c -
t i v e l y ,  s h o u l d  b e  s i m i l a r .  I n  p l a n e  3 ,  w h e r e  0  =  9 0 ° ,  g e x  
s h o u l d  b e  c o n s t a n t  f o r  a l l  o r i e n t a t i o n s ,  g i v i n g  t h e  m a x i m u m  
s h i f t  o f  0 . 1 8  u n i t s  t o w a r d s  h i g h e r  f i e l d s .  
g - V a l u e s  
2 . 5  
2 . 4  
2 . 3  
2 . 2  
2 . 1  
2 . 0  
:::~ 
0  
2 0  
4 0  6 0  8 0  1 0 0  1 2 0  1 4 0  1 6 0  1 8 0  
9  ( d e g r e e s )  
F I G .  4 .  T h e  a n g u l a r  d e p e n d e n c i e s  o f  g . , ,  g d ; a ,  a n d  g ,
0
,  a r e  s h o w n  f o r  r o t a -
t i o n  i n  a  p l a n e  c o n t a i n i n g  t h e  c  a x i s  o f  t h e  c r y s t a l  a n d  t h e  z  a x i s  f o r  o n e  C u
2  
+  
s p e c t r u m .  T h e  a n g l e  o f  r o t a t i o n  ( )  i s  m e a s u r e d  f r o m  t h e  c  a x i s .  T h e  m a i n  
f e a t u r e s  o f  g ,
0
,  c o m p a r e d  t o  g d ; a  a r e  t h e  l o w e r i n g  o f  t h e  g  v a l u e  a n d  t h e  
o c c u r r e n c e  o f  t h e  m a x i m u m  g  v a l u e  a b o u t  1 5 '  c l o s e r  t o  t h e  c  a x i s .  
A n  i n d e p e n d e n t  e s t i m a t e  o f  J  m a y  b e  m a d e  f r o m  t h e  
l o w - f i e l d  d i s p l a c e m e n t  o f  t h e  s a t e l l i t e  s p e c t r u m  b y  ( 2 5 2  ±  5 )  
G ,  w h i c h  m a y  b e  s e e n  i n  F i g .  2 .  T h i s  s h i f t  i s  e q u i v a l e n t  t o  a  g  
s h i f t  L 1 g e x  =  0 . 0 4 8  ±  0 . 0 0 1 .  I n s e r t i n g  t h e  v a l u e s  z  =  6 ,  
g  =  2 . 0 ,  D  =  1 1 . 8 8  c m -
1
,  a n d  E  =  0 . 6 7  c m -
1  
[ s e e  E q .  ( 2 ) ]  
i n t o  E q .  (  1 1 )  g i v e  t h e  t h e o r e t i c a l  r e s u l t  
L 1 g e x  = l ( l . 4 0 - 2 . 4 0 c o s
2
0 ) .  ( 1 8 )  
F o r  p l a n e  3 ,  e  =  9 0 °  a n d  g  =  g
1  
f o r  F e
2
+ .  W i t h  a n  e r r o r  o f  
±  0 . 1  a s s u m e d  f o r  g ,  t h e  v a l u e  o b t a i n e d  f o r  J  i s  
J  =  +  ( 0 . 0 3 4  ±  0 . 0 0 2 ) c m -
1
,  ( 1 9 )  
w h i c h  i s  i n  e x c e l l e n t  a g r e e m e n t  w i t h  t h e  v a l u e  g i v e n  i n  E q .  
(  1 7 ) .  I t  s h o u l d  b e  n o t e d  t h a t  b o t h  v a l u e s  a r e  i n v e r s e l y  p r o p o r -
t i o n a l  t o  D ,  w h i c h  m a y  d i f f e r  f r o m  t h e  v a l u e  g i v e n  a b o v e  f o r  
a n  u n d i s t o r t e d  c r y s t a l .  
V .  D I S C U S S I O N  
T h e  m a i n  p u r p o s e  o f  t h i s  w o r k ,  w h i c h  w a s  t o  e x p l a i n  t h e  
a n o m a l o u s  g  v a l u e s  o b s e r v e d  i n  t h e  E P R  o f  C u
2
+  i n  F e -
S i F 6  ·  6 H
2
0 ,  l e d  t o  t h e  d e t e r m i n a t i o n  o f  t h e  e x c h a n g e  p a -
r a m e t e r  J  =  +  0 . 0 3 2  e m _ ,  f o r  C u
2  
+ - F e Z +  c o u p l i n g ,  a  v a l -
u e  c o n f i r m e d  b y  m e a s u r e m e n t s  o n  t h e  d i s p l a c e m e n t  o f  a  
s a t e l l i t e  s p e c t r u m .  T h i s  v a l u e  m a y  b e  c o m p a r e d  t o  t h o s e  o f  
+  0 . 0 2 9  a n d  0 . 0 7 4  e m _ ,  d e t e r m i n e d ,  r e s p e c t i v e l y ,  f r o m  t h e  
p a i r  s p e c t r a  o f  C o
2
+  a n d  N i 2 +  d o p e d  M g S ' i F
6  
·  6 H
2
0  c r y s -
t a l s ,  
2 5
·
2 6  
a n d  t o  t h a t  o f  +  0 . 0 0 6  e m _ ,  f o r  M n
2  
+  - F e
2  
+  c o u -
p l i n g  o b t a i n e d  i n  a  c u r r e n t  s t u d y  o f  M n 2 +  i n  F e -
S i F 6  ·  6 H
2
0 .
2 7  
T h e  s i m i l a r i t y  o f  m a g n e t i c  i n t e r a c t i o n s  i n  f l u o s i l i c a t e  
c r y s t a l s  w i t h  t h e  C  ~h s t r u c t u r e  t o  t h o s e  b e t w e e n  n e a r e s t  
n e i g h b o r  X - Y  p a i r s  i n  t h e  d o u b l e  n i t r a t e  s e r i e s  h a s  b e e n  
p o i n t e d  o u t  b y  F r a n c i s  a n d  C u l v a h o u s e .  I n  a  t h o r o u g h  i n v e s -
t i g a t i o n  o f  a l l  p o s s i b l e  p a i r  c o m b i n a t i o n s  i n v o l v i n g  M n
2
+ ,  
N f +  a n d  C o
2








·  2 4 H
2
0 ,  C u l v a h o u s e  e t  
a / .  
2 8
-
3 1  
w e r e  a b l e  t o  p r e s e n t  a  t h e o r y  f o r  X - Y  c o u p l i n g  b a s e d  
( i n  t h e  f i r s t  a p p r o x i m a t i o n )  o n  t h e  f o l l o w i n g  a s s u m p t i o n s :  
( i )  t h a t  o n l y  e g  e l e c t r o n s  a r e  i n v o l v e d  i n  t h e  e x c h a n g e  
p r o c e s s ;  
( i i )  t h a t  t h e  o r b i t a l  e x c h a n g e  p a r a m e t e r s  a r e  i n d e p e n -
d e n t  o f  t h e  n u m b e r  o f  3 d  e l e c t r o n s .  
B e c a u s e  o f  t h e  l o c a l  d i s t o r t i o n  o f  t h e  c r y s t a l  p r o d u c e d  
b y  a  " J a h n - T e l l e r "  i o n  s u c h  a s  C u 2 + ,  i t  i s  n o t  c l e a r  h o w  w e l l  
t h e  s e c o n d  a s s u m p t i o n  w o u l d  a p p l y  i n  t h e  p r e s e n t  c a s e .  I t  
w o u l d  b e  u s e f u l  f o r  c o m p a r i s o n  p u r p o s e s  t o  m e a s u r e  t h e  p a i r  
s p e c t r a  o f M n 2 + ,  N i 2 + ,  o r  C o
2
+  i n  F e S i F
6  
·  6 H
2
0 .  
D i p o l a r  c o n t r i b u t i o n s  t o  t h e  C u
2
+  - F e
2
+  c o u p l i n g  w e r e  
n e g l e c t e d  i n  t h e  t h e o r y  p r e s e n t e d  i n  t h i s  p a p e r .  S i n c e  t h e  
e f f e c t i v e  m a g n e t i c  m o m e n t s  o f  t h e  l o w e s t  F e
2
+  s t a t e s ,  w h i c h  
m a y  b e  f o u n d  f r o m  E q s .  ( 4 b )  a n d  ( 4 c ) ,  a r e  c o n s i d e r a b l y  l e s s  
t h a n  2 ,  t h e  m a g n i t u d e  o f  t h e  n e a r e s t - n e i g h b o r  d i p o l a r  c o u -
p l i n g  s h o u l d  b e  s m a l l e r  t h a n  t h e  0 . 0 0 2  e m -
1  
c a l c u l a t e d  f o r  
N i 2 +  p a i r s  i n  M g S i F  
6  
·  6 H
2
0 .  
M u c h  w o r k  r e m a i n s  t o  b e  d o n e  o n  t h e  F e S i F
6  
·  6 H
2
0 :  
C u 2 +  s y s t e m .  A t  4 . 2  K ,  t h e  C u
2
+  s p e c t r u m  n e e d s  t o  b e  m e a -
s u r e d  i n  a  s a m p l e  f r e e  o f M n 2 +  i n  o r d e r  t o  c o n f i r m  t h e  a n g u -
l a r  d e p e n d e n c e  o f  g
1 0 1  
g i v e n  i n  F i g .  4  o v e r  t h e  w h o l e  r a n g e .  
E v e n  m o r e  i m p o r t a n t  w o u l d  b e  a  s t u d y  o f  d i s p l a c e m e n t s ,  
l i n e  s h a p e s ,  a n d  l i n e w i d t h s  w i t h  t e m p e r a t u r e  o f t h e  t y p e  c a r -
J .  C h e r n .  P h y s . ,  V o l .  8 3 ,  N o . 9 ,  1  N o v e m b e r  1 9 8 5  
i l l  
4 4 0 4  
R .  S .  R u b i n s  a n d  D .  K .  D e :  C u  . .  - F e  . .  e x c h a n g e  i n  F e S i F
6  
•  6 H
2
0  
r i e d  o u t  b y  G i l l
1 1  
o n  C u
2
+  i n  F e ( N H
4
h ( S 0
4
h  ·  6 H
2
0 .  I n  F e -
S i F 6  ·  6 H
2
0 ,  t e m p e r a t u r e - d e p e n d e n t  d i s p l a c e m e n t s  s h o u l d  
o c c u r  f o r  t w o  q u i t e  d i f f e r e n t  r e a s o n s :  
( i ) .  t h e  e f f e c t  o n  t h e  e x c h a n g e  c o u p l i n g  o f  i n c r e a s i n g  t h e  
p o p u l a t i o n s  o f  t h e  u p p e r  s t a t e s  o f  t h e  F e 2 +  s p i n  q u i n t e t ;  
:  ( i i ) .  t h e  a v e r a g i n g  · o f  t h e  " p s e u d o "  J a h n - T e l l e r  d i s t o r -
t i o n s ,  w h i c h  h a s  b e e n  m e a s u r e d  i n  d i a m a g n e t i c  c r y s t a l s  w i t h  
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